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Introduction
General anesthesia does not prevent a decrease in
intestinal blood flow during infrarenal aortic sur-
gery.1–3 However, general anesthesia combined with
thoracic epidural anesthesia reduces the systemic
vascular resistance, and maintains cardiac output
during infrarenal aortic cross-clamping.4 In addition,
dopamine counteracts the circulatory depression
during thoracic epidural anesthesia,5 and improves
intestinal blood flow.6
We hypothesized that infrarenal aortic cross-clamp-
ing would not diminish intestinal blood flow if general
anesthesia was combined with thoracic epidural
anesthesia and dopamine. The aim was to investigate
superior mesenteric artery blood flow and systemic
hemodynamics, metabolic parameters, and plasma
catecholamines during infrarenal aortic surgery.
Materials and Methods
Patient consent was obtained following approval of
the study by the Ethics Committee at the Medical
Faculty, Lund University. The patients were scheduled
for abdominal aortic bifurcation grafting due to
obliterative vascular disease or infrarenal aortic
aneurysm.
An epidural catheter was introduced into the
epidural space at the T7-8 or T8-9 level. General
anesthesia was induced with fentanyl, thiopental, and
succinylcholine and maintained during normoventila-
tion with a volatile anesthetic agent combined with
nitrous oxide/oxygen, and a non-depolarizing muscle
relaxant. Thoracic epidural anesthesia (TEA) was
established during general anesthesia with 6–12 ml
2% mepivacaine followed by an epidural infusion at
6–10 ml/h. The establishment of TEA was confirmed
by a more than 20% decrease in perfusion pressure
and cardiac output after 30 min. An intravenous
dopamine infusion was maintained at 4 mg/kg/min
throughout the investigation. Systemic arterial press-
ure was obtained via a radial artery catheter. A
thermodilution pulmonary artery catheter measured
cardiac output with measurements in triplicate of
10 ml iced 5% glucose.
The superior mesenteric artery was gently dissected
close to its origin. Depending on vessel diameter, a
precalibrated 18 or 25 mm electromagnetic flow probe
was attached around the artery and connected to an
electromagnetic blood flow meter (CME Cliniflow
Blood Flow Meterw, Carolina Medical Electronics).
Zero adjustment was obtained by briefly clamping the
vessel. The superior mesenteric (SMA) blood flow
measurement was obtained following a 3–5 min
period of steady flow. The superior mesenteric vein
was cannulated with an 8 F catheter for blood
sampling.
Mean arterial pressure (MAP), mean pulmonary
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artery pressure (MPAP), cardiac output (CO), heart
rate (HR), and pulmonary capillary wedge pressure
(PCWP) were obtained. Systemic vascular resistance
(SVR), pulmonary vascular resistance (PVR), and
mesenteric vascular resistance (MVR) were calculated.
Blood samples were drawn from the radial artery,
superior mesenteric vein and the pulmonary artery
concomitant with the hemodynamic measurements.
Measurement protocol
The first measurement (PRECLAMP) was made 5 min
before aortic cross-clamping.
The second measurement (XCLAMP) was per-
formed 5–10 min following infrarenal aortic cross-
clamping.
The third measurement (DECLAMP) was per-
formed 10 min after declamping of the first leg.
Statistics
Continuous data were analyzed using standard non-
parametric tests utilizing the STATAe statistical soft-
ware. Pairwise comparisons between PRECLAMP and
XCLAMP, and PRECLAMP and DECLAMP, respect-
ively, were adjusted with the Bonferroni correction.
Statistical significance at the 0.05 and 0.01 levels were
accepted with p-values ,0.025, and ,0.005, respect-
ively. Data are presented as median and range in the
text and table.
Results
Thirteen patients (four females/nine males) with a
median age of 59 years (range 48–72 years), and a
body weight of 76 kg (58–85 kg) were investigated.
Twelve patients were diagnosed with aorto-occlusive
disease and one patient had an aneurysm of the left
common iliac artery. No patient had a history of
angina pectoris or previous myocardial infarction.
Five patients were treated with verapamil and
prazosin; nifedipine; salbutamol and theophylline;
verapamil; and captopril and bendroflumethazid,
respectively.
The duration of infrarenal aortic cross-clamping
was 64 min (47–98 min), and intraoperative blood loss
was 1000 ml (range 400–2500 ml). Complete sets of
SMA data were obtained from nine patients. The
superior mesenteric artery blood flow prior to aortic
cross-clamping was 286 ml/min (209–496 ml/min),
(Table 1). Infrarenal aortic cross-clamping induced a
minor increase in MAP, while CO remained
unchanged. Simultaneously, the superior mesenteric
blood flow remained unaltered. Following DECLAMP,
the superior mesenteric blood flow level increased to
368 ml/min (209–640 ml/min; p , 0:012) following
aortic clamp release.
Systemic lactate levels increased after DECLAMP,
and systemic pH decreased following clamp release.
Plasma catecholamine levels were not affected, but
renin levels decreased during aortic cross-clamping.
Discussion
In this clinical study the superior mesenteric artery
blood flow remained unaltered following aortic cross-
clamping, and increased following aortic declamping.
This is in contrast to experimental observations with
intestinal blood flow decreases during infrarenal aortic
occlusion under general anesthesia without any
neuraxial blockade.1,2
The preserved intestinal blood flow could be related
to the reduced sympathetic nervous transmission by
thoracic epidural anesthesia with blood flow redis-
tribution above the clamp level. Dopamine may also
have contributed to the maintained cardiac perform-
ance and intestinal blood flow5,6 together with pre-
existing collateral vessels. Twelve of 13 patients had
angiographic evidence of collateral vessels to the
lower part of the body. An intestinal blood flow
redistribution following ligation of the inferior mesen-
teric artery could also contribute to the blood flow
increase after aortic cross-clamping. At least three of
the nine patients with superior mesenteric blood flow
measurements underwent ligation of the inferior
mesenteric artery.
Plasma catecholamine and renin levels are attenu-
ated by regional anesthesia, and in our study plasma
catecholamines remained unaltered, and renin levels
decreased during cross-clamping. Activation of
plasma catecholamines and the renin-angiotensin
system may play a role in the development of lower
blood flow following aortic cross-clamping.
The intestinal blood flow increased following
declamping of the aorta. The vasodilatation by
epidural anesthesia, dopamine, volume loading, and
the low plasma renin activity could all have con-
tributed to the augmented superior mesenteric artery
blood flow. Although the blood flow prior to cross-
clamping seemed low, it is comparable to previous
superior mesenteric arterial blood flowmeasurements.
In awake patients the blood flow is approximately
700 ml/min. As expected, elevations in systemic
lactate and lower pH were observed after aortic
declamping.
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In conclusion, we found that superior mesenteric
artery blood flow is maintained during infrarenal
aortic surgery during combined epidural/general
anesthesia supported by dopamine infusion. Superior
mesenteric arterial blood flow even increases follow-
ing aortic declamping, and no signs of intestinal
reductive metabolism were observed.
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Table 1. Hemodynamic, metabolic and neuroendocrine data
PRECLAMP XCLAMP DECLAMP
SMA (ml/min) 286 (209–496) 330 (252–1446) 368 (209–640)*
MAP (mmHg) 80 (50–110) 95 (70–135)* 85 (60–110)
CO (l/min) 5.0 (2.8–7.7) 4.9 (3.4–8.1) 6.3 (3.0–7.9)
HR (beats/min) 69 (51–83) 70 (50–93) 72 (60–110)
PCWP (mmHg) 10 (3–21) 12 (5–18) 10 (4–18)
SVR (units) 15.9 (8.0–25.8) 18.4 (11.0–36.4) 13.7 (8.9–25.5)
PVR (units) 1.4 (0.3–3.0) 1.2 (0.3–2.4) 2.2 (0.8–2.9)
MVR (units) 0.2 (0.1–0.4) 0.3 (0.1–0.4) 0.2 (0.1–0.3)
Systemic lactate (mM/kg) 1.20 (0.64–1.81) 1.16 (0.50–2.27) 2.08 (0.74–3.16)**
Mesenteric lactate (mM/kg) 1.31 (0.75–3.11) 1.18 (0.50–2.25) 2.10 (1.14–2.97)
Systemic venous pH 7.36 (7.30–7.45) 7.37 (7.30–7.43) 7.33 (7.26–7.43)**
Mesenteric venous pH 7.35 (7.30–7.45) 7.38 (7.28–7.44) 7.34 (7.28–7.42)
Dopamine (ng/ml) 77 (57–150) 78 (45–125) 86 (49–159)
Norepinephrine (pg/ml) 448 (289–989) 529 (173–1486) 385 (180–1270)
Epinephrine (pg/ml) 85 (15–1560) 87 (15–1415) 46 (15–1486)
Renin activity (mg/l/h) 0.95 (0.15–1.38) 0.63 (0.12–1.03)* 0.65 (0.13–1.32)
PRECLAMP: measurement 5 min before aortic cross-clamping. XCLAMP: measurement 5–10 min after aortic cross-clamping. DECLAMP:
measurement 10 min following aortic clamp release. SMA, superior mesenteric artery blood flow; MVR, superior mesenteric vascular
resistance; PVR, pulmonary vascular resistance. * and ** indicate a significant change vs. PRECLAMP (P , 0:025; and P , 0:005;
respectively).
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